INTRODUCTION
Thick walled concrete cylinder is an important support structure, being applied in mine, water conservancy and hydropower, chemical engineering and other fields. The stress distribution in traditional thick walled cylinder is different when subjected to external loads (in situ stresses). For example, when a radial pressure is applied to the outer boundary of the cylinder, great tangential stress will occur at the inner boundary [1] . If the thickness or material strength of the cylinder is not high enough, there will be damage in the structure. Usually, under the action of large external load, in order to make the concrete thick-walled cylinder work in elastic state, some measures like increasing the wall thickness or enhancing the material strength are taken to improve the ultimate bearing capacity of the cylinder. Increasing the wall thickness of the cylinder can reduce the stress concentration in the cylinder, but when the thickness of the tube wall is already relatively thick, this measure will not have significant effect [2] ; besides, it is high cost. Both theory and engineering practice show that simply increasing the wall thickness of cylinder will not only increase the cost but also cannot avoid the destruction of the structure. In order to solve this problem, some researchers [3] introduced the concept of functional gradient into the calculation of thick-walled cylinder. The theoretical calculation results show that the functionally graded material can not only improve the elastic ultimate bearing capacity of thick-walled cylinder, but also improve its internal stress distribution; in this way, the stress concentration at the inner wall will reduce.
According to the results of theoretical calculation, if the Poisson's ratio is constant, the ideal functionally graded material should meet the following requirements: i, the strength value is equal; and ii, the elastic
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Keywords: concrete; functionally graded; orthogonal experiment; model test; two-layered thick-walled hollow cylinder *Corresponding author: fftq01@163.com modulus follows the theoretical calculation result along the thick-wall cylinder [3] . However, under the current technical conditions, it is difficult to completely meet these two requirements simultaneously. However, when the thick-walled cylinders are layered in the thickness direction and the layers have different elastic modes, the bearing capacity of the thick-walled cylinder can be improved remarkably as well [4] . Functionally Graded (FG) materials as a material design concept is first proposed by the Japanese scientists in the last century, to meet harsh material requirements in aerospace, defense and other high-tech fields. At present, the field of FGM is mainly focused on metal, ceramics and other inorganic small molecule composites [5] [6] [7] . The research on gradient functionalization of cement-based materials, which is an important branch of materials, is relatively few [8] [9] [10] . In addition, the effects of the volume fraction of coarse aggregate and the maximum particle size on the strength and elastic modulus are seldom involved in previous studies. This work is carried out in the context of this study.
EXPERIMENTAL STUDY ON
FUNCTIONALLY GRADIENT CONCRETE
Raw material
The cement used was Sanhe Yongsheng Cement Co., Ltd., 42.5 grade ordinary portland cement; the fine aggregate was the natural sand with the fineness modulus of 2.97; The coarse aggregate was the local limestone crushed stone in Beijing; The air agent is JJ-812 air-entraining agent produced by Beijing Xinjunjie Building Materials Factory; The water-reducing agent is UBM-1 type superplasticizer produced by Tianjin PaoMing Co., Ltd.
Test methods
Orthogonal experiments were arranged using orthogonal tables. This orthogonal table will not affect a comprehensive understanding of many factors on the impact of performance indicators under the conditions, and can also greatly reduce the number of tests. Thus the drawbacks caused by subjective experience or by other reasons can be avoid. At the same time, variance analysis can be conducted with using the orthogonal design method, thus reflecting the significance of different factor [11, 12] . Therefore, this experiment uses orthogonal test method to arrange the test.
Test indicators and test purposes
In this study, compressive strength and compressive elastic modulus of concrete are chosen as the test indexes. Relevant literature [13] shows that the apparent density of concrete on its compressive strength and elastic modulus has a direct impact, so the test density of the concrete also made a test analysis. The purpose of the test is to seek for the factors that affect the elastic modulus more significantly comparing to the compressive strength.
There are many factors that affect the compressive strength and elastic modulus of concrete, including the properties of coarse aggregate [14] [15] [16] (such as the type of coarse aggregate, strength, surface roughness, maximum particle size, gradation, bulk density, etc.), water-cement ratio [17] , admixtures [18] [19] [20] (such as air-entraining agent, water-reducing agent, etc.), and sand rate and many other factors. Four testing factors were chosen in this work: i, the amount of air-entraining agent, referring to the mass ratio of air-entraining agent and cement percentage (AE); ii, volume fraction of coarse aggregate (VA), referring to the volume of coarse aggregate with that of concrete, iii, the maximum grain size (MS) of coarse aggregates (take four maximum particle size values, i.e., 10mm, 13mm, 16mm and 19mm, the grading curves of the four coarse aggregates are shown in Figure 1) ; and iv, water-cement ratio (W/B). Each factor has four levels, regardless of the interaction between the various factors, the specific data shown in Table 1 . In order to avoid systematic errors caused by human factors, the level is not simply in accordance with the factor level values from small to large or the opposite order, but arranged in a randomized method [21] . Table 2 ) was used for the experiment, without considering the interaction between the factors. Table 2 shows the compressive strength, elastic modulus and apparent density of the corresponding concrete under different combinations of test factors.
TEST RESULTS AND DISCUSSION

Intuitive analysis
Through the intuitive analysis, Figures 2-4 show the trends of the compressive strength, elastic modulus and apparent density of concrete with the four experimental factors.
From Figures 2-4 we can come to several conclusions: i, the three test indexes decreased with the increase of air -entraining agent; ii, the influence of the volume fraction of coarse aggregate on the compressive strength of concrete is not obvious, and the elastic modulus and apparent density of concrete increase with the increase of volume fraction of coarse aggregate; iii, The maximum grain size of coarse aggregate has little effect on the compressive strength and apparent density of concrete, but when the maximum particle size is large ( Figure 4 , the maximum particle size is 20mm), the elastic modulus of concrete increases in a certain extent; iv, the three test indexes decrease with the increase of water-cement ratio, and the ratio of water-cement ratio has significant effect on the compressive strength and elastic modulus of concrete, but has little effect on the apparent density of concrete. Note: (1) σi, Ei, γi are the average values of the corresponding five measured data; (2) the data processing such asσi'=σi -40, is to simplify the calculation, but does not affect the calculation results [11] . 
Analysis of variance
The intuitionistic analysis of the experimental results above can show the effects of the experimental factors on the indexes. But this method cannot estimate the magnitude of the error and cannot accurately estimate the importance of the effect of each factor on the test results [11, 21] . The analysis of variance will be used in this section. Table 3 shows the results of analysis of variance. For the compressive strength of this indicator, the squared deviations of the two factors, B and C, are less than the corresponding squared deviations of the errors, which shows that B and C have little effect on the test results and they are errors as conducing F-value analysis. It is similar for C to the elastic modulus, and A, C to the apparent density.
From the analysis of variance, we can see that when α = 0.05, that is, the confidence probability is 95%, only the water cement ratio (factor D) has a significant effect on the compressive strength of concrete, and the remaining experimental factors do not. The volume fraction of coarse aggregate and the ratio of water-cement ratio have significant effect on the elastic modulus of concrete, while the content of air-entraining agent and the maximum diameter of coarse aggregate have no significant effect on elastic modulus. The volume fraction of coarse aggregate has a significant effect on the apparent density of concrete, and the ratio of water to cement has a significant effect on the apparent density of concrete. While the content of air entraining agent and the maximum diameter of coarse aggregate have no significant effect on the apparent density. From Table 3 , the average squared deviation shows that the influence of each factor on compressive strength and elastic modulus is DABC and DBAC, respectively. As the purpose of this experiment is to find the factors that have significant impact on the compressive strength but slight impact on elastic modulus. It can be determined by the ratio of the squared deviations on the elastic modulus and the compressive strength. According to the ratio values of the four factors, the order of the four influencing factors from superior to inferior is BCAD.
CONCLUSIONS
The compressive strength, elastic modulus and apparent density of concrete decreased with the increase of air entraining agent and water cement ratio, and the effect of water cement ratio on the compressive strength and elastic modulus of concrete is significant, but the effect on the apparent density is slight. The influence of the volume fraction of coarse aggregate on the compressive strength of concrete is not obvious, and the elastic modulus and apparent density of concrete increase with the increase of volume fraction of coarse aggregate. The maximum grain size of coarse aggregate has little effect on the compressive strength and apparent density of concrete. Based on the analysis of variance and the results of visual analysis, the order of experimental factors from superior to inferior was obtained as: coarse aggregate volume fraction, coarse aggregate maximum particle size, air entraining agent content and water cement ratio. The functional graded concrete can be prepared in this way.
